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EXPERIMENTS ON DISINFECTION.* 

BY REGINALD GREEN, M.D., D. Hy. 

Two or three years ago I devoted my spare time, for some months, 
to a study of various well-known forms of disinfection. This was 
chiefly as regards the killing of certain microbes, grown in artificial 
culture, by physical and chemical~means. As my district, after many 
years of persuasion, was on the point of buying a steam disinfector, 
the various methods of using steam were investigated. 

Owing to the varied and often interested opinions on the germicidal 
properties of patent chemical disinfectants, it seemed desirable to 
make one's own investigations in these important matters. 

The microbes used in these various examinations were : m  

(1). Bacillus typhosus from a stock agar culture. 
(2). Staphylococcus pyogenes aureus, originally isolated from a 

throat culture, and grown on agar. 
Each of these was, when used first, sub-cultured for twenty-four 

hours in peptone broth at 37 ° C. 
(3). Bacillus subtilis in a sporulating condition, grown as a film 

on the surface of peptone broth. 
In most of the cases, and unless otherwise stated, Koch's method 

was followed, viz., that of using fairly fine sterilized silk threads 
soaked in the twenty-four hours' broth culture of the first two 
microbes, and tested whilst still moist. In the case of the bacillus 
subtilis spores, the threads were soaked in the culture and allowed 
to dry ; they were used at any time after that. 

After exposure of the threads to the disinfection process, each was 
placed in a sterile broth tube, and incubated at 37 ° C. for several days, 
unless a growth occurred previously. Controls were used in cases 
where it seemed necessary. Where liquid chemical disinfectants 
were being examined, the threads were, after exposure, gently washed 
with sterile water from a wash-bottle, in order to prevent any 
antiseptic action taking place afterwards. In addition, after testing 
mercury salts, the~threads were exposed to the fumes of ammonium 
sulphide in order to render inert any iodide or perchloride as the case 
might be. The antiseptic action of perehloridc of mercury is so 
strong that it has been found that  one part per million in broth will 
prevent a growth taking place. 

The after-growths of the microbes chosen, where such occurred, 

* Paper read before the Midland Branch of the Incorporated Society of 
l~ledieal Officers of Health, Jan. 7, 1904. 
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were characteristic enough as a rule to render microscopic examination 
unnecessary. 

SOLAR DISINFECTION. 

As a time of continued bright sunshine was then with us, tests 
were made of the sterilizing effects of sunlight. These are supposed 
to be due chiefly, I believe, to the chemical rays. Twentyfour-hour 
broth cultures of bacillus typhosus and staphylococcus grown in 
petri dishes were exposed to sunshine for four days, about seven 
hours per day. At the end of that  time both were alive, and sub- 
ctfltured with ease. 

The typhoid culture was examined each evening in the hanging 
drop, but although the extreme motility became less, at the end of 
the four days the bacilli were still moving a little, though with some 
clumping. But  in such a culture, even kept in the dark, after a few 
days, motility would be lessened, and some clumping would occur. 

DISINFECTION BY HEAT. 

Although it is practically settled that  steam disinfection is /acile 
princeps when compared with dry heat, in some cases the latter form 
only can be used. Although saturated steam has been shown to 
have more penetrating and germicidal power than superheated steam, 
the former is sometimes objected to as being more liable to damage 
articles by making colours run ;  yet  the latter may scorch fabrics. 
In the modern high-pressure stoves with a vacuum apparatus 
attached, penetration of superheated steam is easily obtained into the 
interstices of beds, etc. 

Dry Heat.--Tests were made in a small hot-air oven as to the 
germicidal action and powers of penetration into fabrics of dry heat. 
At 150 ° C. threads containing B. subtilis spores were sterilized in 
twenty-five minutes, but not in twenty minutes. Moist threads of 
B. typhosus and staphylococcus were sterilized in fifteen minutes 
at  150 ° C., and also in the same time at  115 ° C. 

The slow penetration of dry heat was shown by the result that  
after the oven was at  150 ° C. for fifteen minutes, a thermometer 
encased in several layers of flannel only indicated 70 ° C., and after 
thir ty minutes 108 ° C. 

Current Steam.--Current steam at atmospheric pressure was tested 
in an ordinary gas-heated metal steamer, as used in the laboratory. 
Its power of penetration was proved by the fact that  after ten to 
fifteen minutes' full steaming the temperature inside several layers 
of flannel reached from 103 ° to t05 .0 C. on some occasions. This 
occurred whilst the temperature of the steamer was never more than 
99 ° C. 
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This increase of temperature has been noticed beiore, but l do n o t  

remember the explanation of it  tha t  was given. 
Five miniature bolsters, 12 inches long by l0 inches diameter, w e r e  

made, stui~ed respectively with straw, fibre, flock, hair, and feathers, 
these being the materials commonly used in beds and pillows. The 
thermometer in the centre of the strav¢ bolster after ten minutes' 
steaming showed a temperature of 100 ° C., after fifteen minutes 101 °. 
The temperature in the centre of the fibre bolster reached 100 ° C. 
in ten minutes, tha t  of the flock 92 ° in ten minutes, and 99 ° in twenty 
minutes. In the hair bolster the temperature in fifteen minutes was 
99 ° in the centre, and 99"5 in the case of the feather one. 

The exposed spores of B. subtilis resisted the action of current 
steam for ten minutes, but  succumbed in fifteen minutes. B. typhosus 
and staphylococcus were killed in five minutes a t  the least. 

Current Steam ]rom Saturated Solution o] Calcium Chloride.--Tests 
were made in the same steamer of steam derived from a saturated 
solution of calcium chloride which boiled at  a temperature of 118 ° C. 
The highest temperature of the steam recorded was 101 ° after ten 
minutes at full steam, whereas the temperatures in the centre of the 
bolsters were similar to those obtained from steam from ordinary 
boiling water. Apparently the higher temperature of the steam 
obtained in the chamber of the " Thresh " stove is due to the super- 
heating obtained from the calcium chloride solution in the jacket 
surrounding it. 

Steam at High Pressure.--TriaIs were made in a steam autoclave 
at  different temperatures. At 115 ° C. spores of B. subtilis ~cre  
killed in fifteen minutes even when encased in three layers of flannel, 
~nd when exposed were killed in the same time at 105 ° C. 

In a new pat tern Washington Lyon stove, with vacuum apparatus, 
with 20 lbs. pressure in the chamber and 30 lbs. in the jacket, tests 
were made, 20 inches of vacuum being used in every case. After 
eight minutes, a t  20 lbs. pressure, the temperature in the flock bolster 
was only 102 °, and the spores of B. subtilis were not killed then. 
On a second occasion, after twenty  minutes at  20 Ibs. pressure, the 
temperature in the centre of the flock bolster was 117 ° C., and spores 
of B. subtilis in the chamber were killed. The temperature in the 
centre of the hair and fibre bolsters was 116 ° C. in fifteen and ten 
minutes respectively at  the same pressure, that  of the chamber being 
123 ° C. 

WATER AT HIGH TEMPERATURES. 

Boiling water is one of the most usual and most efficient forms of 
disinfection, especially in domestic operations. B. typhosus was 
killed by  boiling in five minutes, but  not in two minutes, whereas 
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B. staphylococcus was killed in two minutes. Threads of B. subtilis 
were not sterilized in either one, two, or three hours' boiling, no longer 
time being tried. This is strange, when similar threads were sterile 
after fifteen minutes' steaming. Water at 60 ° C. destroyed B. 
typhosus in fifteen minutes, and also staphylococcus, which, however, 
showed growth after five, ten, and twelve minutes' exposure. 

LIQUID ~)ISINFECTANTS AT HIGH TEMPERATURES. 

The greater efficiency of chemical disinfectants at higher tempera- 
tures, as might be expected, was proved in several cases. B. subtilis 
spores, which were not killed by three hours' boiling, were not killed 
either by thirty minutes' steeping in 1-10 solution of various coal tar 
derivatives and other disinfectants. Markedly increased germicidal 
powers were shown by these substances at 60 ° and 100 ° C. Even 
at 100 ° C. these disinfectants did not kill the spores of B. subtilis at a 
greater dilution than 1-20 in thirty minutes. At ordinary temperature 
B. typhosus and staphylococcus were on an average killed by 1-20 
solutions of these in fifteen to thirty minutes. 

Corrosive sublimate solution, on the other hand, killed B. typhosus 
in dilution of 1-2500 in fifteen minutes, whereas chinosol did the 
same thing in 1-500 solution only. B. subtilis spores were not killed 
by soaking for thirty minutes in 1-500 perehloride solution, whereas 
1-1000 chinosol solution sterilized in five minutes. Staphylococcus 
pyogenes was killed in fifteen minutes by chinosol (1-2500), whilst 
corrosive sublimate (1-1000) took thirty minutes to do the same 
thing. 

This shows a selective action of some disinfectants upon certain 
microbes. I t  is a moot point whether the germs of the ordinary 
zymotic diseases are more resistant than B. typhosus and staphy- 
lococcus pyogenes aureus. Of course the spores of the bacilli of 
anthrax and other allied diseases are more resistant. Experience 
seems to prove that the germs of scarlet fever and diphtheria are 
more hardy than those of some of the other diseases, the infection 
of which apparently soon dies out. 

FUMIGATION. 

Fumigation is one of the most usual and also most ancient forms 
of disinfection. In recent years it has fallen somewhat out of favour 
more especially in the form of burning sulphur, but it has still a 
number of supporters, and receives the almost unanimous support 
of the laity. The tests were made in a special " sulphur fuming" 
chamber, which had preceded the steam stove at our Fever Hospital, 
and was of 500 c.f. content. 

The substances tested were sulphurous acid, both from burning 
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sulphur and in the liquefied form in sealed tins; formalin vapour 
generated from paraform tablets in a lamp; and chlorine from 
chloride of time and strong sulphuric acid. In each case the time of 
exposure was twenty-four hours. 

The B. subtilis spores, exposed on threads as before, were never 
killed in any experiment, nor were the threads containing B. typhosus 
or staphylococcus pyogenes, when placed in pieces of flannel or 
envelopes, ever sterilized. 

Broth cultures of B. typhosus and staphylococcus in cotton-wool 
plugged test-tubes were not sterilized in any experiment. Formalin 
vapour, with 10 and also 16 tablets per I000 c.f., had no effect on the 
motility of the B. typhosus in the broth culture when examined in 
the hanging drop. The motility of the B. typhosus was lessened 
by the chorine gas from 1½ lb. per 1000 e.f. of chloride of lime, whilst 
sulphurous acid from a sealed tin equal to 5 lbs. of sulphur per 1000 c.f., 
and the same from burning sulphur equal to 1 lb. per 1000 c.f., caused 
the bacilli to clump and to be practically motionless. 

The exposed moist threads of B. typhosus and staphylococcus 
were sterilized by :--  

(1). Chlorine gas from chloride of lime, when both ~ lb. and 1½ lb. 
of the latter per 1000 c.f. were used. 

(2). Liquified sulphurous acid (in a tin) at 5 lbs. of sulphur per 
1000 c.f. (no smaller amount being tried). 

(3). Sulphurous acid from burning sulphur in proportions of both 
1 and 2 lbs. per 1000 c.f. 

(4). Formalin from 16 paraform tablets per 1000 c.f., but not when 
only 10 tablets per 1000 c.f. were used. 

Controls were used in all these tests, and gave a growth in all cases. 
There is no branch of our work that is in more constant operation 

than this one. I am afraid that there is nothing that gives the public 
more false security than the placing vessels of some more or less 
puffed disinfectant on the floor of the infectious sick room. If that 
is done, it is generally considered amongst the masses, and perhaps 
among some of their social superiors, that the unaffected members 
of the family may foregather to any extent in the now sterile 
apartment. Another popular fallacy, and one which must be very 
annoying to sewage treaters, is that if the drains and sinks are 
regularly douched with strong disinfectants, no infectious disease 
c~n obtain a foothold in a household. 


